The effects of the restriction of food and water intakes on gastrointestinal absorption, distribution to organs and excretion of 131 I were investigated in C3H/He mice. The animals were divided into four groups and administered orally 37 kBq carrier-free Na 131 I in 0.25 ml normal saline. One group of animals was given food and water ad libitum throughout the experimental period. Food and water to the remaining groups were restricted before and/or after the administration of 131 I. The animals in each group were sacrificed 4 h and 24 h after administration, and the activity of 131 I in thyroid, blood, liver, kidney, gastrointestinal tract, urine, feces, and carcass was measured. There was a significant increase in the retention of 131 I in the thyroid and the concentration of 131 I in the blood due to the restriction of food and water after the administration of 131 I. In contrast, a significant decrease in the urinary excretion was observed in these animals. In those animals, which fasted before administration only, the retention of 131 I in the thyroid and other organs were decreased. Therefore, for an accurate diagnosis and effective therapy with radioiodine as well as effective radiation protection, the intake of food and water should be taken into account.
INTRODUCTION
Radioactive iodine ( 131 I) has been used for the treatment of Graves' hyperthyroidism [1] [2] [3] and the ablative therapy of postsurgical remnants in patients with differentiated thyroid caner 4, 5) . In this type of clinical therapy, an increase in the uptake of 131 I by thyroid tissues or cancer remnants could result in a successful treatment 6, 7) . Therefore, it is important to know the physiological and pharmacological factors that may be related to the uptake of 131 I by the thyroid. In addition to therapeutic applications, 131 I is widely used for the diagnosis of hyper or hypothyroidism 8) . The uptake during a given time after oral administration is usually used as a measure of thyroid function. Therefore, knowledge about the physiological factors related to 131 I metabolism is essential for an accurate evaluation of the measured values.
In contrast to the beneficial aspects, 131 I causes thyroid cancer, as demonstrated in children after the Chernobyl accident 9, 10) . In the case of an accidental intake of radioiodine, the radiation dose in the thyroid is estimated and, if necessary, clinical treatments, such as the administration of stable iodine, are performed. Here, again, consideration of the physiological factors that may affect the metabolism of 131 I is beneficial for an accurate estimation of the radiation doses. It is known that the uptake and metabolism of drugs administered via the oral route are affected by the intake of food and water. In general, a simultaneous intake of drugs with food decreases the rate of absorption [11] [12] [13] . In addition, the intake of food and water may alter the general metabolic activity of the body so that the metabolism of drug, including the distribution, movement, retention and excretion, may be affected. Regarding radioiodine, it is assumed for the purpose of radiation protection that radioiodine is absorbed rapidly, and almost completely, from the gastrointestinal tract after oral intake, and is distributed uniformly among all of the organs and tissues other than the thyroid 14) . However, little is known about the effect of food and water intake on the gastrointestinal absorption and metabolism of radioiodine, except for a report by Thrall and Bull 15) . They showed that the uptake of iodine into the blood after oral administration was much faster in the fasted rats than in the normally fed rats. In order to accumulate fundamental knowledge necessary for the therapeutic and diagnostic use of radioiodine as well as the radiation protection, the uptake, distribution and retention of orally administered radioiodine were studied with special reference to the effect of the restriction of food and water intake.
MATERIALS AND METHODS

Animals and experimental groups
Female C3H/He mice were purchased from Japan SLC Inc. (Shizuoka, Japan), housed in a controlled environment (at 22 ± 1°C, 12h light and 12h dark) and given food (MB-1, Funabashi Farms, Chiba, Japan) and water ad libitum. Thirty-two mice were divided into four groups (Table 1) . In group I, the animals were provided food and water ad libitum prior to and after the administration of 131 I and served as a control group. In group II (fasted prior to dosing), the animals were fasted for 16 h prior to dosing, but were given food and water ad libitum immediately after dosing. In group III (fasted post dosing), the animals were allowed free access to food and water prior to dosing, but the food and water were removed from the cage immediately after the dosing of 131 I. In group IV (fasted throughout), food and water were not provided throughout the experimental period. All of the animals (9-week-old) were orally administered 37 kBq carrier-free Na 131 I in 0.25ml normal saline under light ether anesthesia, and then placed in cages individually for the collection of urine and feces. The administration of Na 131 I was carried out at around 10:00 a.m. for all of the experimental groups. At 4 and 24 hrs after administration, the animals were killed by bleeding under ether anesthesia. The thyroid gland, liver, kidney and gastrointestinal (GI) tract were dissected free, and put into plastic tubes for counting. Feces samples were collected by picking it up from the bottom of the cages. Urine samples were collected using absorbent paper placed on the bottom of the cages. The activity of 131 I in the samples and the remaining carcass was measured by an Armac whole-body detector (Model 440, Packard Ltd., USA). The sum of the activity was defined as the total administered dose (TAD), and the retention and excretion of 131 I were expressed as percentage of TAD. The body weights were also recorded at the time of administration and sacrifice ( Table 2) .
Experimental procedures
Evaluation of the evaporation of 131 I from urine and feces Immediately after removing the animals from the cages at 4 h after administration, the activity in urine and feces was measured as described above. The weight of feces was also measured at this time. Then, the feces and the paper containing the urine were returned to the cage, and allowed to stand for 20 h. The activities were measured again and compared with those measured earlier. A significant decrease was not observed in the activities measured 20 h later. This suggests that the evaporation of 131 I from urine and feces during the experimental period may be negligibly small.
Statistical analysis
Significant differences of the mean values among the groups were evaluated by Student's t-test. Table 3 gives the retention of 131 I in thyroid, liver, kidney and carcass 4 and 24 hrs after administration. In those animals fasted post dosing (group III ) and those fasted throughout the experiment (group IV), the retention of 131 I in the thyroid and other organs was much larger than that in the control animals (group I). The 131 I activities in the GI tract were lower at 4 h, but higher at 24 h after administration in these groups III and IV. In contrast, the retention of 131 I in thyroid and carcass was significantly lower in the group II (fasted prior to dosing) than the control group. The activity in the GI tract at 4 h after administration was higher in this group than in the control groups. Urinary and fecal excretion of 131 I As shown in Table 4 , 131 I was rapidly excreted into urine: 46 and 88% TAD in the control animals for 4 and 24 h after administration, respectively. The restriction of the intake of food and water induced a remarkable decrease in the urinary excretion in groups III and IV, Values are mean ± SD of 4 mice and expressed as % of total administered doses per ml blood. * Asterisks denote a significant difference from the control group. (*, p < 0.05; **, p < 0.01; ***, p < 0.001).
RESULTS
Retention of 131 I in thyroid, blood and other organs
while the decrease was marginal in group II. In contrast to urinary excretion, the total activity of 131 I excreted into the feces was relatively small: 0.36 and 5.6% TAD in the control group 4 and 24h after administration, respectively. Interestingly, the restriction of food and water before the administration increased the fecal excretion of 131 I (group II). On the other hand, fecal excretion was significantly lower in those animals fasted post-dosing than the control animals. The weights of feces also varied with the restriction conditions of food (Table 2) .
Retention in and clearance from blood
There was no significant difference in the blood concentrations of 131 I between the control animals (group I) and the animals fasted prior to dosing (group II), as shown in Table 5 . In the animals fasted post-dosing and the animals fasted throughout the experiment, the concentrations of 131 I in the blood were much higher than that in the control animals. In groups I and II, 131 I was rapidly cleared from the blood. Between 4 and 24 h after administration, the 131 I activities decreased twenty fold in groups I and II, while they were halved in groups III and IV.
Approximate uptake of 131 
I into the body
Since it is known that the kidney serves as a chief excretory organ for iodine 13) , the sum of the 131 I retained in the body and excreted into urine may indicate the approximate total activity absorbed into the body via the GI tract. In Table 6 , the total activities in the whole body and urine, which means approximate uptake of 93.7 ± 1.0 87.9 ± 3.6* 94.4 ± 0.5 91.2 ± 4.1 a Total uptake is defined as the sum of the total body retention and urinary excretion. b Values presented are mean ± SD of 4 mice and expressed as % of total administered doses. * Asterisks denote a significant difference from the control group. (*, p < 0.05; **, p < 0.01; ***, p < 0.001).
sented at 4 and 24 h after administration. The uptakes of 131 I into the body 4h after administration were larger in groups III and IV, and lower in group II than in the control animals (group I). However, at 24h after administration, the total uptakes were similar among groups I, III, and IV, and slightly lower in group II.
DISCUSSION
The present results clearly indicate that the restriction of the intake of food and water may change the uptake, distribution, retention and excretion of 131 I in mice. In two groups, fasted post-dosing as well as fasted throughout the experiment, similar and remarkable effects on the 131 I metabolism were observed: (1) enhanced uptake into the body, (2) increased blood and organ concentrations, (3) sharply decreased urinary excretion, and (4) prolonged body retention. In contrast, the restriction of food and water prior to administration only showed a reverse tendency. Although the exact mechanisms for these phenomena are not readily apparent from the present study, three possible causes might be involved in. The first cause is stable iodine in food and water. The commercial mouse food used here contained about 4.5 ppm of iodine (measured by induced-coupled-plasma mass spectrometry, unpublished data). It is well known that stable iodine interferes with the uptake and metabolism of radioiodine 16 -19) . The second possible cause involved is the change in chemical state of iodine. In the present study, the original solution of Na 131 I was diluted by saline so that a large fraction of 131 I was assumed to be iodide (I -), not iodine (I 2 ), when it was administered. Since it is generally unstable at physiological pH, and iodide is rapidly oxidized to iodine, or reacts in organic compounds in foodstuff, in the GI tract. These changes in the chemical states seemed to occur more rapidly and efficiently when the rats were allowed to take food and water immediately after administration. In other words, the restriction of food and water may delay the change of iodide to iodine or organic iodine complexes in the GI tract after administration. A previous report indicated a more rapid absorption of iodide than iodine 15) . Therefore, a possible delay of the change in the chemical state from iodide to iodine may be a cause for the slower uptake of 131 I in rats feeded after administration. The third mechanism involved may be the physiological condition of the The retention of 131 I in thyroid and carcass as well as the uptake into the body 4 and 24 h after administration were significantly lower in group II (fasted prior to dosing) than in the other groups. It is not clear why the restriction of food and water prior to administration only gave a reverse tendency in contrast to the restriction after administration (group III and IV). But this phenomenon, however, has been previously reported: the uptake of 125 I
-by the thyroid 2h after dosing was not affected by fasting prior to dosing 15) . Moreover, the blood concentration of 125 I -from 1 to 72h after dosing was nearly the same between the animals normally fed and those fasted prior to dosing 15) .
It is generally recognized that iodine is absorbed rapidly and almost completely from the GI tract after an oral intake 14) . In the present experiments, the approximate uptake of 131 I into the body (body retention plus urine excretion) ranged from 84 and 94% after 4 and 24h postdosing in the control group. In experimental groups II-IV, the uptake of 131 I into the body was similar to the control group, although the distribution and urinary excretion were totally different. This suggests that, regardless of the restriction of food and water, 131 I administered orally is taken up into the body through the GI tract rapidly and efficiently, as reported in previous studies 14) . Although the detailed physiological mechanisms are still unclear, the results clearly indicate that the restriction of food and water intake after dosing cause a significant increase in the distribution and retention of 131 I in the thyroid. These findings have many implications in the field of clinical medicine. For example, the food and water intake should be taken into account when investigating thyroid function using 131 I, and for planning the administration protocol for tumor therapy with 131 I. From the point of view of radiation protection, the duration of the observation used here is apparently too short to draw any definitive conclusion on the effect of food and water restriction on the radiation dose and health effect of the public accidentally exposed to the radioiodine. However, the present findings, indicating that even a short-term restriction of food and water after the oral intake may increase an initial accumulation of radioiodine especially to the thyroid gland, should be taken into account for the dose estimation and the treatment of people accidentally exposed to radioiodine.
